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(57) Abstract: A transverse connector may be attached to rods of an orthopedic stabilization system by cam locks. Rotation of a 
cam system may extend a rod engager into a rod opening. The rod engager may be a portion of the cam system. The extension of the 
rod engager into the rod opening may push a rod against a body of the transverse connector to form a frictional engagement between 
the transverse connector, the rod, and the rod engager. The cam system allows the formation of an un- threaded, unitary transverse 
connector that has a low jiH'ofile. The transverse connector may be easily and securely attached to a rod. 
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BACKGRQIIN P OF THT?. rN\T?,(Nf7 'ff^[»f 

1- Beld of the rnv^^tjf,n 

The present invemion generally relates to bone stabilization systems, and more particuUtly to a transverse 
,. . ,, connector for connecti,« «Ijacentrods of orthopedic stabilisation systems. Tte ,«nsverse connec.or. or cross-link 
may connect together adjacent spinal rods of a spinal stabilization system. 



2. Description of Rf.latpj^ 

Bone disordeis. degenerative conditions, or trauaa may result in a need to sUbilize a bone or bones of a 
patent With an orthopedic stabilization system For exa«pM disease or trauma may result in the need to stabili« 
.. the spmeof a patient A variety of systems may be used to stabilije a spine. A spinal stabilization system may 

fiwerally be classified as an anterior. late«d, or posterior system according to a position of the system reUtive to the 
V no , ^ ; - *?!»*\ .^*»^«^^«*«««»*J^to« often ind^ 

long segments of a spine. 

An oriht>pedic stabilization system may include a pair of rods tWl'arecou^^ For 
e^mple. a posterior spinal stabilization syslea. may indude a p«r if bendable re^ 

longitudinaHy disposed adjacent to vertebral bodies of a spine. A pair of rods of an orthopedic stabilization system 
may be coupled to a bone or bones by fi;caUon elements. Tb^ fixation elemenU. may i«:lude. but are not limited to. 
books and bone screw connectors. 

Rods of an orthopedic stabUization system may be oriented so that the rods at* substantially parallel to 
each other. Alternately, rods of an orthopedic stabilization system may be oriented so that the rods are skewed 
relative to each other. I» ")*wed orientation, the rods may be oriented towards e«A other so that a horizontal 
"~ «'«'a««between.he«dsisnotco„stant In oth« words, the rods may not be horizontaUy parallel to e«.h other 

Hgurelshowsatopviewofapairofnxls28thatare„othorizontaUyparriIel. Also, the rods 28 may be oriented 
so that a vertical distance between the rods is not constant. In other words, the nxls 28 may not be verticaUy 

patallej to each other. Figure 2 Shows a pair of rods that are not vertically parallel. 

- Transverse connectors may be attached to com«ct adjacent tods of an orthopedic slabiUation system 
together. T,«>sverseconnectorsmay provide rigidity to a subilization system. Transverse connectors may also 
mhibitttxl movement Swsses may aa to n>turn a stabUized bone system to a deformed position. I^rexample. 
steess.^ on a spi,» and on a spinal stabilization system often operate to return a corrected spine to a deforced 
. P^^^p^^ «ay Miibil lod movement Of the sphal sttirflization system during a post- 

/S^-'' '^'^'*P<?™<ls9 *at«»tespuieremainsinacon^ 

" --;.--^^'''^'''*^~'^«''*^''««°'^velopedth«Unkadjacem 

^, :^P«-'^N<« 0SV093,756toW^etd.:5.980,521toMontague^^ 
^, , •°^~««^-^'^».^*'«>£n^«»«aI.;and5.667407toBricoetd..describe,r«>sv^ 

these patents and patent ^.plications are incorporated by reference as if fully set forth herein. Many transverse 

connectors present one or more problems for a surgical team that instaUs the transverse com.^^^ Someofthc 
nu, va ,^5jv; , , problems assodftted with transverse connector i i j 
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profiles, separate compooenl fasteners, and proper tightening of threaded fasteners. Also, the ability of a trans verec 
connector to connect rods that arc skewed relative to each other may be problematic. 

Some transverse connectors have engaging members that must bt preloaded onto a rod prior to the rod 
being placed within a patient. The use of preloaded connectors may require significant pre-operative planning. The 
use of preloaded connectors may inhibit a surgical team's ability to make changes that are needed to meet 
conditions presented during insertion of the stabilization system in the patient. Other transverse connectors include 
rod openings that allow the transverse connector to be placed on rods after the rods have been attached by fixation 
elements to a patient 

Some transverse connectors may have a high profile and/or a wide profile. These profiles may cause 
surgical complications to tissue and bone adjacent to the connector. A rod fastening system that attaches the 
transverse connector to the adjacent rods may cause a high or wide profile. For example, a connector that snaps 
onto a spinal rod may be attached to a transverse connector by a nut diat engages a threaded shaft of the cotmector. 
The nut and shaft may cause the assembled transverse connector to have a high profile and a wide profile. A high 
profile transverse connector may result in abrasion of tissue adjacent to the transverse connector. A wide profile 
transverse connector may require the removal of a portion of bone to allow the transverse connector to be attached 
to stabilization rods. A slim profile may require less or no bone removal when the transverse connector is attached 
to stabilization rods. 

Some transverse connector rod fastening systems may require separate component fastening members to 
securely attach the transverse connector to stabilization rods. A separate component fastener, such as a nut. may be 
difficult to properly position and secure during an installation procedure. 

A transverse connector must be securely tightened to a stabilization rod. Some rod fastening systems of 
transverse connectors use threaded fasteners to attach the transverse connector to adjacent rods. The threaded 
fastener typically is a setscrew or a nut Not tightening a threaded fastener enough may allow movement of the 
transverse coimector. Over tightenmg a direaded fastener may result in damage to the fastenmg system that could 
cause failure of the transverse connector. Applying a proper amount of torque to a threaded fastener may require 
the use of a torque wrench. Using a torque wrench may be burdensome to a surgical team that installs a 
stabilization system. Also, a torque wrench may require frequent calibration to ensure that an indicated amount of 
torque is applied when the torque wrench is used. 

A threaded fastener such as a setscrew may need to be angled within the body so that a ccmtact portion 
engages a rod sufficiently to secure the rod to the transverse connector. One type of transverse coimector that 
utilizes a setscrew operates by contacting the setscrew against a lower portion of a rod to drive a top portion of the 

> 

rod against a body of the transverse connector. The angle of the setscrew may be less than about 45** with respect to 
a longitudinal axis of the transverse connector. The angle of the setscrew may require an insertion tool with a . 
flexible shaft to fix the rod to the transverse connector. Alternately, a large opening may be made in the patient so 
that an insertion tool without a flexible shaft may be used to fix the rod to the transverse connector. Another type of 
, transverse connector that utilizes a setscrew operates by contacting the setscrew against an upper portion of a rod to 
drive a lower portion of the rod against a body of the transverse connector. Positioning a pair of rods within such a 
transverse connector may be difficult during installation of the transverse connector in a patient 

A transverse connector may include a body, a pair of rod openings in the body, and rod engagers. The 

body of the transverse connector may span a distance t)etv^een a pair of rods. The body may have a fixed length, or 

- * • 1- ^ ' . " . * ** . 

the length of the body may be adjustable. Bending the body may adjust the length of the body and the orientation of 
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the rod openings relative to the rods. Alteniately, the length of the body may be adjustable by adjusting a position 
of a first section of the body relative to a second section of the body. After the positions of the first section and the 
second section are adjusted, the first section and the second section may be fixed using a fastener. The fastener may 
be, but is not limited to, a setscrew or a nut and bolt. The pair of rod openings may hold rods of a bone stabilization 
system. The rod engagers may be used to attach rods that are positioned in the rod openings to the body of the 
transverse connector. 

A pair of rods of a stabilization system may be skewed relative to each other in both a vertical plane and a 
horizontal plane. Some transverse connectors cannot be adjusted to accommodate rods that are horizontally and/or 
vertically skewed. Other transverse connectors require a portion of the transverse connector to be bent to 
acconunodate the skew of the rods. 

A distance between a pair of nxJs of an orAopedic stabilization system may determine positions of rod 
fastening systems within a transverse connector. For transverse connectors that are attached to a pair of closely 
spaced rods, the rod fastening systems may be located on outer sides of the rod openings. For transverse connectors 
that are attached to a pair of rods that are spaced a farther distance apart, one rod fastening system may be located 
on an outer side of a rod opening and the other rod fastening system may be located between the two rod openings. 
Altmately, both rod festening systems may be located between the rod openings. Also, for transverse connectors 
that arc attached to a pair of rods that are spaced a large distance apart, an adjustable length transverse connector 
may be used. 

SUMMARY OF THE USTVENTION 

Transverse connectors may be used to stabilize and inhibit movement of an orthopedic stabilization 
system. A transverse connector may be a fixed length transverse connector or an adjustable transverse connector. 
An embodiment of a fixed length transverse connector has a body configured to resist bending of the transverse 
comiector. An alternate embodiment of a fixed length transverse connector is configured to allow the body to Ife 
.bent to allow elongated naember openings of the connector to be oriented relative to elongated members. Bendmg 
the fixed length transverse connector may also allow for some length adjustment of the transverse connector. A 
bendable fixed length transverse comiector may include indentations diat facilitate bending the transverse 
connector. An adjustable transverse connector may allow for adjustment of axial position, rotation, and/or 
angulation of a first elongated member opening relative to a second elongated member opening. 

A transverse connector may include a pair of fastening systems configured to couple the transverse 
connector to elongated members. A fastening system may be a cam system. The cam system may include a contact 
surface diat engages an elongated member or an elongated member engager when the cam system is activated to 
couple the transverse connector to the elongated member. Rotating the cam system may activate tiie cam system. 
A rotation activated cam system preferable does not include a Uueaded connection to the transverse connector so 
that rotating the cam system does not axially advance' the cam system within the transverse connector. 

Elongated members of an orthopedic stabilization system may be, but are not limited to. circular rods or 
rods having otiier cross sectional geometries. Elongated members may be two separate contoured members that are 
positioned on opposite sides of a bone or bones that are to be stabilized. In an alternate embodiment, the elongated 
members may be two ends of a single bent and contoured elongated member. The elongated members may be 
coupled to the bone or bones by fixation elements. The fixation elements may be. but are not limited to, bone screw 
connectors, hooks^ and/or cable systems. An end portion of a transverse connector may be configured to attach to a 
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^ fastening system of the fixation clement that couples the fixation el^ An opposite end 

portion of the transverse connector may include an elongated member opening adapted to couple the transverse 
connector to an elongated member. For example, a threaded shaft extending from a fixation element may extend 
through a slot or hole in an end portion of the transverse connector. A nut may be coupled and tightened to the 
shaft to secure the transverse connector to the fixation element. An opposite end portion of the transverse connector 
may include an elongated rod opening and a cam system that extends a rod engager against an elongated member 
; positioned within the opening. Positioning an elongated member in the elongated member opening and activating 
-ivrUp'-r the cam mechanism secures the transverse connector to the elongated member positioned within the elongated 

^, >, . • i member opening. 

A transverse connector may include a pair of elongated member openings. The elongated member 
. , openings may include open sections that allow the elongated member openings to be top loaded onto elongated 
members. The elongated members may be attached by fixation elements to a patient before the transverse 
connector is coupled to the elongated members. In an alternate embodiment, an elongated member opening may 
• * not include an open section that allows the elongated member opening to be top loaded onto an elongated member.. 
, ■ To use a transverse connector that does not include an open section in an elongated member opening, the elongated 

'.''f-09lf r^l */ j'^'^i • f* meniber opening is placed over an end of the elongated member and maneuvered to a desired location before the 
ilr t. f ' elongated member is attached within the patient by fixation elements. 
. * . A &stening system of a transverse connector may be a cam system. The cam system may extend an 

! engager into an elongated member opening of the transverse connector. The engager may secure the transverse 
coimector to an elongated member positioned in the elongated member opening. An upper portion of the cam 
system may reside substantially widiin a body of the transverse connector to maintain a low profile of the transverse 
. connector. A cam system may be unthreaded so that the cam system does not axially advance into or out of the 
- . transverse connector during use. In an embodiment, the cam system includes a cam that contacts the elongated 
. ; member when the cam system is engaged. In alternate embodiments, a cam system may contact a separate 

. component engager that extends into an elongated member opening to secure an elongated member to the transverse 
connector. 

A cam system may be angled within a body of a transverse connector so that the transverse connector has a 
low profile. Placing the cam system at an angle within the body may allow for a strong connection between an 
elongated member and the transverse connector. The angle of the cam system within the body may allow for easy 
insertion of a drive tool within the cam system without the need to have a wide surgical opening in a patient The 
cam system may be angled within the body at an angle in a range from about 45" to 90'' with respect to a 
. longitudinal axis of the transverse connector, and may preferably be angled about 70" with respect to the 
longitudinal axis of the transverse connector. 

Portions of a cam system and portions of a body of a transverse connector may lock the cam system within 
the body to inhibit removal of the cam system from the body. Having the cam systems locked within the body 
makes the cam systems of the transverse connector unitary members of the transverse connector. The transverse 
coEunector may be provided to a surgeon as a single unit that includes no separate pieces that need to be attached to 
the transverse connector during installation of the transverse connector within a patient Also, the transverse 
connector has no pieces that may fall out of the connector during an installation of the transverse connector within 
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A cam system may include a tool opening that is .adapted to accept a driving tooL The driving tool may be, 
but is not limited to, a diamond drive, a hex wrench, a star drive, a screwdriver, or a socket wrench. The driving 
tool may allow the transverse connector to be top tightened. Rotating the driving tool, and thus the cam system, 
may move the cam system from an initial position to an engaged position. In the engaged position, the cam system 
will securely couple an elongated member positioned within an elongated member opening to the transverse 
connector. The cam system may engage the elongated member when the cam system is rotated a specific number 
of degrees. The number of degrees may be a value within the range from about 10° to about 360®. In an 
embodiment, rotating the driving tool approximately 170** couples the elongated member to the transverse 
connector. The cam system may include a stop that inhibits movement of die cam system beyond the engaged 
positioa 

A tool opening in a cam system may be keyed to accept a driving tool only in a specific orientation. The 
specific orientation may provide a user with a visual indication diat the cam system is fiilly engaged when the drive 
tool is used to rotate the cam system. For example, the tool opening may be adapted to accept a diamond drive that 
can only be inserted into the tool opening in certain preferred orientations. When the diamond drive is inserted into 
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the tool opemng. a handle of the drive tool may be oriented at an angle relative to an elongated member positioned 
' m an elongated nieniber opening adjacem to the cam system. The drive tool may be it>ta^ 
system to an engaged position. The handle of the drive tool may be orient9d substantially parallel to the elongated 
member when the cam system is in the engaged position. The orientation of the drive tool handle before and after 
rotation may be a visual indication to a user that the cam system has been activated to secure the elongated member 
to the transverse connector. A diamond drive may also provide a large contact area between a head of the drive tool 
and side walls of the tool opening. The large contact area may inhibit stripping or deformation of .the tool opening 
durmg use. In alternate embodiments, the tool opening may be slotted, and the drive tool may include protrusions 
that fit within the slots only when a handle of the drive tool is in a specific orientation. 
■ *• • An engager of the cam system may be a cam that extends into an elongated member opening when die cam 

" system is rotated- When the cam system is in an initial (mentation, the engager may be positioned so diat the 
engager does not extend into the elongated member opening of die transverse connector. In an alternate 
embodiment, a cam surfece of the cam system may contact a separate component engager that extends into the 
elongated member opening when the cam system is engaged. 

A surface of an elongated member opening, a contact surfece of an engager, and/or an etongaied member 
^ texmred to inhibit movement of the transverse connector relative to the elongated member when a cam 
system couples the transverse connector to the elongated member. The engager may dimple the elongated member 
. . -y^^ ^ system is engaged to couple the elongated member to the transverse connector. 
' A fixed length transverse connector may include a body, a pah* of elongated member openings and a pair 

Of cam systems configured to couple elongated members to the transverse connector. The body of the transverse 
connector may include indentations tiiat allow tHe transverse connector to be bent. Bending the transverse 
* connector nsay allow for nunoradjustnient of a separation distance between elongated member openings 



transverse connector. Bending the transverse connector may also aUow the elongated member openings to be 
properly oriented relative to elongated members of an orthopedic stabilization system so tiiat tiiere is a large contact 
area between an elongated member and an elongated member opening. 

For fixed length transverse connectors that havesmall separation distances between the elongated member 
openings, one or both cam systems of the transverse connectors may be positioned so that die cam systems are not 
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located between the elongated member openings. A cam system that is not located between the elongated member 
openings of a transverse connector is referred to as an outward positioned cam system. In embodiments, fixed 
length transverse connectors having separation distances between centers of the elongated member openings less 
than about 23 millimeters (mm) may have at least one outward positioned cam system. 

For fixed length transverse connectors that have larger separation distances between the elongated member 
openings, die cam systems may be located between the elongated member openings of the transverse connector. In 
embodiments, fixed length transverse connectors having separation distances between centers of the elongated 
member openings greater than about 23 mm may have cam systems positioned between elongated member 
openings of the transverse connector. Transverse connectors may be provided in incremental lengths up to lengths 
between centers of elongated. member openings of about 40 mm. Longer transverse connectors may also be formed. 

An adjustable transverse connector may securely connect a pair of adjacent elongated member in a bone 
stabilization system. A pair of adjacent elongated member may be attached by fixation elements to a bone or bones 
within a patient The elongated member may be skewed relative to each other. The transverse connector may be 
adjustable to accommodate variations in placement of adjacent elongated members. The transverse connector may 
be adjusted by adjusting a position of a first section of the transverse connector relative to a second section of the 
, ^ . ^ . transverse connector. In an embodiment, the first section and the second section of an adjustable transverse 

coimector may be adjusted relative to each other about at least two axes. In an alternate embodiment, the first 
section and the second section of an adjustable transverse connector may be adjusted relative to each other about at 
least three axes. After the positions of the first section and the second section are adjusted, a fastener may fix the 
position of the first section relative to the second section. 

In an embodiment, an adjustable transverse connector may allow for adjustment of a distance between 
elongated member openings and for rotation of a first elongated member opening relative to a second elongated 
member opening. A first section of the transverse connector may include a shaft that telescopically fits within a 
hollow shaft of a second section of the transverse connector. Sliding the shaft of the first section within the hollow 
shaft of the second shaft alio^ys for adjustment of the separation distance between elongated member openings of 
the transverse connector. An end of the first section shaft may be flared to inhibit removal of the shaft from the 
hollow section. The first shaft may be turned within the hollow shaft to allow the first elongated member to be 
rotated relative to the second elongated member. The hollow shaft may include a collet. A collar may be 
compression locked to the collet to inhibit movement of the first section relative to the second section. The collar 
may include a tab that fits within a slot of the collet. The tab and slot combination locates the collar relative to the 
collet so that a compression locking instrument may be easily positioned and used to lock the collar to the coUet 
without undue manipulation of the collar. ^ 

An embodiment of a.transverse connector may allow a length, a rotation angle, and an angulation angle 
between a first section of the transverse connector and a second section of the transverse connector to be adjusted. 
When the transverse connector is properly adjusted, tightening a fastener inhibits motion of the first section relative 
to the second section. Thefastenerof a transverse connector may be a component of a fastening system. The 
fastening system may include a lining. The lining may be, but is not limited to a bushing or a sleeve. The lining 
may be positioned within the second section of the transverse coimector. The first section of the transverse 
. . .connector may be positioned through die lining and the second section. 

To adjust a length of a transverse connector, a dis^nce between an elongated member opening in the first 
section and an elongated member opening in the second section may be adjusted by m^ing the elongated member 
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'opening of the first section towards or away from the elongated member opening of the second section. A 
transverse connector may allow adjustment of the length of the transverse connector wit^^ p^^. 
exiample, an embodiment of a transverse connector may have an adjustment range between centers of elongated 
member opfcnings of from about 37 mm to 44 mm, another embodiment may have an adjustment range of from 
about 43 mm to 51 mm, another embodiment may have an adjustment range of from about 50 mm to 65 mm, and 
"another embodiment may have an adjustment range of from about 6 1 to 80 nun. Other adjustment ranges may also 
be used. 

" An opening through the second section may be sized to allow the first section to be angled relative to the 
second section. A widdi of the opening may allow only a limited range of angulation between the firet section and 
^^-'tte'second section. For example, the width of the opening may allow the angulation of the first section relative to 
the second section from about 0* to about 18'. An opening may be positioned through the second section so that 
smaller or larger angulation ranges arc possible. For example, the width of the opening may allow the angulation of 
the first section relative to the second section in a range of from about 0° to 10*. or in a range from about 0° to 30^ 
The opening may be offset from a longitudinal axis of the second section so that the angulation of the first section 
relative to the second section does not have a lower limit of 0**. For example, die opening of the second section may 
' ' allow an angulation range of from about 10* to 35\ In otiier embodiments, different angulation ranges and limits 
for tije angulation ranges are possible. If a transverse connector cannot bc^gulated in tiie direction of a desired 
orientation, a section tiiat is placed over an elongated member may be removed from tiie elongated menrf)er and 
placed on the opposite elongated member to allow die transverse connector to be angulated in the desired directioa 
An opening may also allow die first section to rotate relative to die second section. The first section may 
include a shaft tiiat has a flat portion. A height of the opening in tiie second section may be sized so dial an edge of 
die flat portion of die shaft engages die second section when a user attempts to rotate the first section beyond a 
limited rotation range. The engagement between die shaft and die second section may limit die range of rotational 
' motion of die first section relative to die second section. In an embodiment, die first section is configured to rotate 

about plus or minus 10" relative to die second section. In odiw embodiments, die rotational range of motion may be 
• greater or less tiian about plus or minus 10**. For example, die rotation of die first section relative to die second 
section may be limited to about plus or minus 5^ or die rotation of die first section relative to die second section 
may be limited to about plus or minus 20^ Odier embodiments may have different rotational limits. 

When die position of die first section relative to die second position is properly adjusted, the position may 
be set by tightening a fastener of die fastener system. In an embodiment, die fastener is a setscrew diat pushes 
against a Uning. Tightening die fastener creates shear forces between die setscrew. die Uning, die first section, and 
die second section. The shear forces inhibit motion of die first section relative to die second section. The fastener 
may be anodier type of fastener, including, but not limited to, a nut or a cam member. 

An adjustable transverse connector may include a fastening system diat securely attaches die transverse 
' coiiiectw to an elongated member of an ordiopedic stabilization system. In an embodiment, die fastening system is 
-a cam system. In alternate embodiments die fastening system may be. but is not Umited to, a setscrew, a clamping 
system, or a nut and threaded fastener. 

A first section and a second section of die transverse connector may be configured to be inseparable after 
assembly. A fastener used to fix die position of die first section of die body and die second section of die body may 
■ be du-eaded into die transverse connector. In an embodiment, die fastener may be inhibited from being removed 
frbni the transverse connector. The transverse connector may be supplied as an assembled unit to a surgeon who 
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wiU instaU the transverse connector in a patient Having fastening systems pre-in^iaJIcd in the transverse connector, 
the first section inseparable from the second section, and the fastener threaded on the transverse connector makes 
the transverse connector a unitary structure. The unitary structure transverse connector may be easy to install 
within a patient because the transverse connector includes no separate pieces that need to be attached during 
installaaon within a patient Also, the unitary structure has no pieces that may fall out of the connector, be 
misplaced, be cross threaded, and/or be incorrecdy positioned during an installation procedure within the patient. 

A drive tool used to tighten a fastener that secures a first section of a transverse connector to a second 
section of the transverse connector may be the same instrument that is used to tighten festening systems that couple 
elongated members to the transverse connectors. Using the same instniment to tighten the fastener and engage the 
cam system may minimize Uie instrument set needed to install a transverse connector within a patient If the 
. fastener that secures the first section of the transverse connector to the second section of the transverse connector is 
a threaded connector, a torque wrench may be attached to the drive tool so that a proper amount of torque may be 
applied to the fastener. 

When a fastener tiiat inhibits motion of a first section of a transverse connector relative to a second section 
. of tiie transverse connector or a fastening system that couples an elongated member to tiie transverse connector is 
tightened, a counter-torque wrench may be coupled to die transverse connector. Th^ 

Uie application of an ofEset torque to the transverse connector. The offeet torque may prevent undesired movement 

of a stabilization system or patient when the fastener or a fastening system is rotated. 

An advantage of a fixed length transverse connector is tiiat the transverse connector may be a unitary 

structure that has no removable parts. The transverse connector may be top loaded onto elongated members. The 
absence of removable parts, such as setscrews or fasteners, may allow the transverse connector to be easily and 
quickly installed within a patient The unitary structure also has no parts that can fall out of die transverse 
connector, be misplaced, be cross threaded, and/or be incorrecdy positioned during installatioa • 

An advantage of an adjustable transverse connector is that the transverse connector may be supplied to k 
surgeon as a single unit The transverse connector may be top loaded onto elongated members. The unit has no 
separable parts, and if die unit includes tiireaded members, tht threaded members may be pre-attached to the unit 
Prc-attaching threaded members to the unit avoids tht need to thread the parts into the unit during installation 
within the patient 

An advantage of a transverse connector that uses cam systems to couple the transverse connector to 
elongated members is that die transverse connector may be attached to die elongated members without the use of 
threaded fasteners. The absence of threaded fasteners allows die connector to be attached to an elongated member 
without the transverse connector being under-tightened or over-tightened. The cam system may include an 
indicator that informs the user when die transverse connector is properly fastened to an elongated member. The 
indicator may be a visual indication, such as a position of a driving tool, and/or the indicator may be a vibrational 
sienal transmitted to the user when the cam system is activated 

An advantage of transverse connectors is Uiat several sizes of fixed length connectors and several 
adjustable transverse connectors may be provided to a surgeon who will install a stabilization system within a 
patient The different types and sizes of transverse connectors may allow a surgeon to install a stabilization system 

^ . ' .diat best fits a patient 

An advantage of an adjustable transverse connector is that the connector may be used to connect 
,.•■■'•./ • orthopedic rods that are not oriented parallel to each otiier. ^ The transverse connector may be used to connect rods 

- ' :■ 8 . •' • 



Chat are not horizontally parallel and/or vertically parallel. The transverse connector may also be used to connect 

rods (hat are oriented parallel to each other. 

Another advantage of a transverse connector is that the transverse connector may have a thin and low 

profile. The low profile of the transverse connector may allow the transverse connector to have a minimal effect on 

adjacent tissue when the transverse connector is installed within a patient. The thin profile may allow the transverse 

connector to be easily positioned at desired locations on a stabilization systan. Further advantages of transverse 

connectors may include that the transverse connectors are sturdy, durable, light weight, simple, efficient, reliable 

and mexpensive; yet the transverse connectors may also be easy to manufacture, install, and use. 

Further modifications and alternative embodiments of various aspects of the invention will be apparent to 

those skilled in the art in view of this description. Accordingly, this description is to be conshiied as illustrative 

only and is for the purpose of leaching those skilled in the art the general manner of carrying out die invention. It is 

to be understood that the forms of the invention shown and described herein are to be taken as the presently 

preferred embodiments. Elements and materials may be substituted for those illustrated and described herein, parts 
^ * * 'i^ ..... . 

and processes may be reversed, and certain features of the invention may be utilized mdependendy. aU as would be 

apparent to one skilled in the art after having the benefit of this description of the invention. Changes may be made 

^T0:«3:rOi:ir/- r-?- ---r-^jc^r.; r-r j 

m the elements described herein withom departing fiom the spirit and scope of the invent! 

followmg chums. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Further advantages of the present invention will become apparent to those skilled in the art with the benefit 
of the foUowuig detailed description of the preferred embodiments and upon reference to the accompanying 
drawings in which: 

Figure 1 is a top elevational view of a pair of horizontally skewed rods; 
Figure 2 IS a firont elevational view of a pan* of vertically skewed rods* 
Hgure 3 is a top elevational view of a portion of a spinal stabilization system; 

Figure 4 is a perspective view of a transverse connector witii cam systems that are not positioned between 
elongated member openings in ttie transverse connector; 

Figure 5 is a perspective view of a transverse connector with cam systems Uiat are positioned between 
elongated member openings in the transverse connector; 

Figure 6 is a perspective view of an adjustable transverse connector that may be adjusted about three 
degrees of freedom; 

Figure 7 is a perspective view of an adjustable transverse connector that may be adjusted about two 
degrees of freedom; ' 

* • • ■ , 

Figure 8 shows a perspective view of a pair of transverse connector benders; 
Figure 9 shows a detailed view of the heads of a pair of benders with a transverse connector positioned 
''within the benders; . . - 

Figure 10 is a cross sectional view of a transverse connector taken substantially along plane 10-10 of 
Figure 5. without cam systems within the transverse connector. 



- • ■ < , 



Figure 1 1 is a bottom elevational view of a fixed length transverse connector; 



, I^»gure 12 IS an elevationd view of a textured su!fece portion of an dongated member opening su^ 

■^v^^: • i^r. . transverse connector. «. . .u.- . ... v,^ . ■,. . . \ 
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' Figure 13 is a perspective view of a cam system; 

Figure 14 is a perspective view of a drive tool that may be used to rotate a fastener and/or cam system of a 

transverse connector. 

Figure 15 is a perspective detail of drive head of tlic drive tool of Figure 14; 
Figure 16 is a perspective view of a torque limiting wrench; 
Figure 17 is as exploded view of an adjustable u^nsverse connector; 
Figure 18 is a perspective view of a torque wrench; 
. • , . ^ , , . . Figure 19 is a top eievational view of an angulated adjustable transverse connector, 

Figure 20 is a cross sectional view of a transverse connector taken substantially along plane 20-20 of 
^ -u ^ Hgure 19, with only one cam system within the transverse coimector; 

. . Figure 21 is a top eievational view of a rotated adjustable trazisverse connector; 

Figure 22 is a cross sectional view of an adjustable transverse connector taken substantially along line 22- 
22 of Figure 21; 

Figure 23 shows a perspective view of an embodiment of a head of a bender that has two pockets; 
Figure 24 shows a perspective view of the embodiment of the head of the bender shown in Figure 23 
* f , engaged to an adjustable transverse connector, 

^, ^ ^ Figure 25 shows a cross sectional view of a portion of the adjustable transverse coimector shown in Figure 

7; and 

Figure 26 is a perspective view of an instrument used to inhibit movement of a first section of a transverse 
connector relative to a second section of the transverse connector when the transverse connector has a collet and 
collar fastening system. 

While the invention is susceptible to various modifications and alternative forms, specific embodiments 
thereof arc shown by way of example in the drawings and will herein be described in detail. The drawings may not 
be to scale. It should be understood, however, that the drawings and detailed description thereto are not intended to 

r ' ..■ 1. 

limit the invention to the particular form disclosed, but on the contrary, the intention is to cover all modifications, 
equivalents and alternatives falling within the spirit and scope of die present invention as defined by the appended 
claims. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
With reference to the drawings, transverse connectors are denoted generally as 30. Transverse connectors 
. 1 , ^. 30 may be used to connect elongated members 28 of an ordiopedic stabilization system 32 together. Transverse 
connectors 30 may provide rigidity to the orthopedic stabilization system 32. Transverse cotmectors 30 may also 



, . ' . , inhibit undcsired motion of the orthopedic stabilization system 32. Transverse connectors 30 may be fixed length 



.t . - - 



. . transverse connectors or adjustable length transverse connectors. The elongated members 28 of an orthopedic 

... . stabilizadon system 32 may be coupled to bones 34 by fixation elements 36. The fixation elements 36 may be, but 



are not limited to. hooks and/or bone screw connectors. In an embodiment, the elongated members 28 are spinal 
rods that are coupled to vertebral bodies 34 by fixation elements 36. The spinal rods 28, fixation elements 36. and 
transverse connectors 30 form part of a spinal stabilization system 32. Figure 3 shows a portion of an embodiment 

^.^^ of a spinal stabilization system 32. 
. Elongated members 28 of an orthopedic stabilization system 32 may be, but are not limited to, circular 

, k ."'O,. .^ . _ . . rods or rods having other cross sectional geometries. Other types of cross sectional geometries for dongated 

10 . ' 
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menibets M may include, but aie not iimited to. oval, leetangular, or polygonal shaped cross sectional areas. 
Elongated members 28 may be two sqwate contoured members diat are positioned on opposite sides of a bone or 
bones 34 that are to be stabilized. In an alternate embodiment, tbe elongated members 28 may be two ends of a 
single bent and contoured elongated member. The elongated members 28 shown in Figure 3 are two ends of a 
single bent and contoured elongated member. 

A transverse connector 30 may include body 38. a pair of elongated member opemngs 40. and fastening 
-<>..>iu elongated members 28. The fastening systems 42 may be cam 

systems, ""^body 38 of the traMversecoimector 30 spaiis a distaiK» between a pair of elongated members 
an -orthopedic stabilization system 32 during use. A body 38 of a fixed length transverse comicctor 30" may be a 
single member that optionally includes at least one indented sur«>ce 44. figures 4 and 5 show embodiments of 
fixed length transverse connectors 30'. Abody 38 of an adjusuble transverse connector 30" may include first 
section 46 and second section 48. The position of the first section 46 may be adjustable relative to the position of 
the second section 48. Figures 6 and 7 show embodiments of adjustable length transverse oomrectors 30". "nie 
'ccanponents of a transverse comiector 30 may be made of biocompatible material including, but not limited to 
thwiliim. titanium alloys, stainless steel and ceramics. 

v.- 30 laay include a pur of elongated member openings 40. Surfaces 50 of the 

-aongated member openings 40 may closely conform to a shape of an extgjor soi&ce of an elongated member 28 so 
that a tight fit is fijnned between the surface and the elongated member when tbe transverse comiector 30 is coupled 
to the elongated member. The elongated member openings 40 may inchxle open sections that allow the elongated 
member openings to be top loaded onto elongated members 28. Tbe elongated members 28 may be attached by 
fixation elements 36 to a patient before the transverse coniKclDr 30 is coupled to the elongated members. In an 

alienate embodiment, an elongated member opening 40 may not include an open section that allows the eto^^ 
, member 28. To use a transve^ 

, : . "^""^ ^ rnaneuvered to a desired locadon before the elongated member is attached within 

' die patient by fixation elements 36. 

A fixed lengfl, transverse comiector 30' may inchide a body 38. a pair of elongated member openings 40. 
and a pair of cam systems 42 to couple the traiaverse comiector to elongated meriibers 28. Tb^ body 38 of the 

30' may include indentation, 44 that altowftetra^^ 
,'™*^"'^'»'30-mayaUowforminoradjustmemofaseparationdisu^ 

openings 40 of the transverse com«ctor. Bending the transverse comiector 30- may also altow the 
- laember openings 40 to be properly oriented relative to elongated members 28 of an orthopedic stabilization system 



« • 
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^.H ..^...Jlf "'^'^^''^"■^'^'^ Figures 
diows an embodiment of a pair of benders 52. 54 that may be used to adjust a ttmsverse connector 30'. Hgure 9 



■ -■ ll •* 



shows a detail view of a transverse connector 30' positioned within heads 56 of the benders 52, 54. When a 
tahsve.se comiector 30' is placed within heads 56 of the benders 52. 54. handles 58 of the benders may be grasped 
and forced towards each other to bend die transverse connector. 

''"8* 30' that have smaU separation distance 
''^'^"«»^''>'««''«*'»»^«««»«ofU.etransve,secoa„ectorsmayb^ 

. - . «tongated member openings 40 ofat,ansv««com«c,or 30- is referred to as an o^^ 
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embodiments, fixed length transverse connectors 30' having separation distances between centers of the elongated 
member openings 40 less than about 80 mm may have at least one outward positioned cam system. Embodiments 
of transveise connectors 30* with outward positioned cam systems 42 may be produced in incrementally increasing 
sizes. For example, three sizes of transverse connectors 30* with outward positioned cam systems 42 may be 
produced in 5 mnr increments with the smallest transverse connector having a separation distance between centers 
of elongated member openings 40 of about 10 mm. Figure 4 shows an embodiment of a transverse connector 30* 
having outward positioned cam systems 42. Transverse connectors 30* having outward positioned cam systems 42 
may also be produced in otho* size ranges and in different incremental lengths. 

For fixed length transverse connectors 30* that have larger separation distances between the elongated 
member openings 40, the cam systems 42 may be located between the elongated member openings of the transverse 
connector. Fixed length transverse connectors 30' having separation distances between centers of the elongated 
member openings 40 greater than about 15 mm may have cam systems 42 positioned between elongated member 
openings of the transverse connector. Embodiments of transverse connectors 30* with cam systems 42 positioned 
between elongated member openings 40 may be produced in incrementally increasing sizes. For example, four 
sizes of transverse connectors 30* with cam systems 42 positioned between elongated member openings 40 may be 
produced in 5 nun increments with the smallest transverse connector having a separation distance between centers 
of elongated member openings of about 25 mm. Figure 5 shows an embodiment of a transverse connector 30' 
having cam systems 42 positioned between elongated member openings 40. Transverse connectors 30 having cam 
systems 42 positioned between elongated member openings 40 may also be produced in odier size ranges and in 
different incremental lengths. 

Figure 10 shows a cross sectional view of a fixed length transverse connector 30* without cam systems 42 
positioned widiin cam system openings 60. Cam system openings 60 of a transverse connector 30 may include 
shoulders 62 and cam guides 64. The shoulders 62 provide surfaces that may inhibit removal of cam systems 42 
that are positioned within the cam system openings 60. When a cam system 42 is inserted into a cam system 
opening 60, the cam system may be substantially contained within the body 38 so that the cam system does not 
extend a substantial distance above upper surface 66 of the body. Cam guides 64 may provide limits for rotational 
motion of cam systems 42 within cam system openings 60 of a transverse connector body 38. The cam guides 64 
may also limit an insertion depth of the cam system 42 into the body 38. Figure 1 1 shows a bottom view of an 
embodiment of a transverse connector 30* with cam guides 64. 

A portion of a cam system opening 60 may be formed in an inner surface 50 that defmes an elongated 
member opening 40 of the transverse connector 30. The portion of the cam system opening 60 formed in the inner 
surface 50 of the elongated member opening 40 allows engager 68 to extend into the elongated member opening 40 

* 

and contact an elongated member 28 positioned within the elongated member opening during use. In an 

•* .i »*', • • ' ■ • ... « , 

embodiment, the engager 68 is cam sur^e 70 of the cam system 42. 

Cam system openings 60 may be angled within the body 38 relative to a longitudinal axis 72 of the 
transverse connector 30. Alternately, the cam system openings 60 may be formed perpendicular to the longitudinal 

♦ ■ 

axis 72 of the transverse connector 30. An angled cam systjcm opening 60 allows an engager 68 to contact an 
elongated member 28 below the mid point of the elongated men]J)er so that the engager may press an upper portion 
of the elongated member against surface 50 of the elongated member opening 40. A longitudinal axis 73 of a cam 
system opening 60 (and a longitudinal axis of a cam systeiQ 42 positioned within the opening) may be angled at an 
angle A with respect to the longitudinal axis 72 of the transverse connector 30, as shown in Figure 10. A cam 
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q«lem opening 60. and a cam system 42 positioned within the opening, may be angled fix)m about 45" to 90' 
relative to the longitudinal axis 72 of the transverse connector 30. Preferably, the cam system openings 60 are 
angled greater than about 60- relative to d» longitudinal axis 72 of the transverse connector 30. For example, in an 
embodiment, the cam system openings 60 are angled at about 70» relative to the longitudinal axis 72 of the 
transverse connector 30. The large angle of the cam system opening 60 may allow for easy access to tool opening 
74 of a cam system 42 positioned within the cam system opening. An opening in a body of other transverse 
connectors, such as a transverse connector shown in U.S. Pat. No. 5.947.966. may be formed at a significantly 
smaller angle reUtive to the longitudinal axis of the transverse com«ctor. such as about 45'. TT* smaUer angle of 
an opening in other transverse comiectors may make accessing a tool opening more difficult and/or inconvenient 
during an installation procedure. 

An initial manufecturing process that forms an elongated member 28 may fonn an outer surfiice of the 
elongated member as a smooth surface. A subsequent process may texture the outer surface of the elongated 
niember 28. Similarly, an initial manufacturing process that forms a transverse connector 30 may form elongated 
member opening surfeces 50 as smooth surfaces. A subsequent process may texture the elongated member opening 
«>rfaces 50. Also, elongated member contact surfaces of engagers 68 may be texnired.' Texmiing an outer surface 
of an elongated manber 28. elongated member opening surfaces 50. a«l/or contact surfaces of engagers 68 may 
prov.de large coefficiems of friction between the ekmgatad member and the trans verse com^ctor 30 as compared to 
aautar smood. surfaces so that modon of the elongated member is inhibited when the transverse connector is 
coupled to the elongated member. The outer surface of «, elongated member 28. elongated member operung 
surfaces 50. or contact surfaces of engagers 68 may be texmred by any texturing process. i.x:luding. but not limited 
to. sconng the surface, a ball peening process, an electric discharge process, or embedding hard particles within the 

surface. Hgure 12 shows an embodiment of a portion of a textured elongated member opening surface 50 of an 
dongated member {qwning that has a scored surface 

Rgure 13 shows an embodiment of a cam system 42 du« is positionable within a cam system opening 60 
ofa transverse com-ector 30. The cam system 42 may i«dude pwtnisions 76, main body 78. and cam surface 70 
When a cam system 42 is inserted into a cam system opening 60. waU 80 of d» cam system opening (shown in 
Rgure 10) may compress aU of the jwtmsions 76 imvards. The protrusions 76 may snap back to their original 
configman-on when uppex surfaces 82 of the protrusions 76 pass the shoulder 62 of the cam system opening 60 If a 
force « appUed to the cam sysl«n 42 that tends to ft»ce the cam system out of the cam system opening 60 the 
upper surfaces 82 may engage the shoulder 62 to inhibitremoval of the cam system from the cam system opening 

Rgure 7 shows an embodiment of a tnmsverse com«ctor 30 ftat includes a vibrational indicator that 
mfonns a user that a cam system 42 has been engaged. The tr««verse comu^tor 30 includes pin 84 positioned 
through the transverse oom^ctor body 38 so that a portion of the pin extends into a cam system opening 6d «ijacent 
to protrusions 76 of the dam system 42. If the cam system 42 is retted, a protrusion 76 will contact the pin 84 so 
autthepretnision is deflected inwanJs. When the edge of the deflected protrusion 76 passes the pin 84 the 
protrusion snaps back outwanis and transmits a vibration thmugh the transverse connector body 38. tL vibnuion 
may be heart and/or felt by a user. The vibration may inform a user that the cam system 42 is being engaged. A 
certarn number of vibrations may indicate to a user dut the cam system 42 is fully engaged. For example, if there 
are s« pretiusions 76. and if the cam system 42 is fully engaged when the cam system is rotated 180' three • 
separate vibrations during rotatton of the cam system wouW indicate that the cam system U fully engaged. 
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A main body 78 of a cam system 42 may fit within a cylindrical portion of a cam system opening 60. An 
• insertion depth of the cam system 42 into a transverse connector body 38 may be limited when the main body 78 
contacts a cam guide 64 of the transverse connector body. When a cam system 42 is placed within a cam system 
opening 60 so that the main body 78 contacts a cam guide 64, the upper Surfaces 82 of the protrusions 76 may pass 
past the shoulder 62 of the cam system opening so that removal of the cam system from the cam system opening is 
inhibited. 

Tool opening 74 may be formed in the main body 78. The tool openuig 74 may allow insertion of drive 
- r S6 *° *® ^ system 42 may be rotated. The tool opening 74 may be configured to 

accept drive head 88 of the drive tool 86. The drive tool 86 oiay be, but is not limited to, a diamond drive, a hex 
wrench, a star drive, a screwdriver, or a socket wrench. Figure 14 shows an embodiment of a drive tool 86 that may 
be used to tighten a cam system 42 of a transverse connector 30. The drive tool 86 may include handle 90, shaft 92, 
and drive head 88. The handle 90 may be shaped so that a user may comfortably and securely grasp and use the 
drive tool 86. The handle 90 may have an elongated shape that can be aligned relative to the transverse connector 
30 or an elongated member 28 to provide an indication during use that the transverse connector has been coupled to 
the elongated member. In an embodiment of a drive tool 86, die drive tool has a *T'-shaped handle 90, as shown in 
Figure 14. The shaft 92 of the drive tool 86 may mechanically attach the handle 90 to die drive head 88. Figure 15 
shows a detail view of an embodiment of the drive head 88 of a diamond driye tool 86. 

Figure 1 6 shows an embodiment of torque limiting wxench 94 that may be used when a cam system 42 of a 

« 

transverse connector 30 is tightened. The torque limiting wrench 94 may inhibit undesired motion of a patient or 

parts of a stabilization system 32 when a cam system 42 is rotated. The torque limiting wrench 94 may include 

hollow shaft 96, head 98, and handle 100. A drive tool shaft 92 may be placed through the hollow shaft 96 and into 

a tool opening 74. Theliead 98 may be placed on the transverse connector 30 so that inner surfaces of the lips 102 

of Che head contact sides of die transverse connector. The drive tool 86 may be rotated one direction to apply a 

torque to a cam system 42. Force may be applied to the handle 100 in the opposite direction to counter the torque 

applied to the cam system 42. 

A tool opening 74 of a cam system 42 may be configured to accept a drive tool 86 in an initial desired 

orientation. The diamond drive tool bead 88 shown in Figure 15 may be inserted into a tool opening 74 of a cam 

system 42 in only two orientations. In either orientation, handle 90 may be offset at an angle from an elongated 

member 28 positioned within an elongated member openmg 40 .of the transverse connector 30. Rotilting the drive 

tool 86 rotates the cam system 42 so that an elongated member 28 positioned within an elongated member opening 

40 adjacent to the cam system is secured to the transverse connector 30. A user may be able to feel resistance to 

turning that indicates that the transverse connector 30 is being securely coupled to the elongated member 28. A 

. ^cam guide 64 of the transverse connector 30 may limit the rotation range of the cam system 42. The position of the 

^ .handle 90 after rotation may provide a visual indication to a user chat the transverse connector 30 has been securely 

^ coupled to the elongated member 28. In an embodiment, the handle 90 of the drive tool 86 is oriented substantially 

^ parallel to the elongated member 28 after the drive tool has been rotated to fully engage the transverse connector 30 

. ,,to the elongated member. In other embodiments, the handle 90 may be substantially perpendicular to the elongated 
» ♦ 

..member 28 when the transverse connector 30 is fully engaged to the elongated member. Other types of visual 
. . indication systems may be used to detennine when an elongated member 28 is secured to a transverse connector 30. 
. ^ For example, markings on the shaft 92 may align with markings on the transverse connector 30 to indicate that an 
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elongated member 28 has been coupled to the transverse connector. 
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In an embodunent. a cam system 42 may fully engage a transverse connector 30 to an elongated member 
28 when the cam system is routed about 170'. A handle 90 of a drive tool 86 may be initially offeet fiom the 
doi«ated member 28 by about I0» when the drive tool head 88 is positioned in a tool opening 74 of the cam system 
42. When the drive tool 86 is rotated about 170° to secure the elongated member 28 to the transverse connector 30. 
the handle 90 may become substantially parallel to the elongated member. Embodiments of cam systems 42 may 
fiiUy engage transverse connectors 30 to elongated member 28 when the cam systems are rotated less or greater 
dMD about 170'. Fbr example, in an embodiment, a cam system 42 is configured to fully engage a transverse 
comicctor 30 to an elongated member 28 when the cam system is rotated about 10». In another embodiment, a cam 
system lock 42 is configured to fully engage a transverse connector 30 to an elongated member 28 when the cam 
sj^tem is rotated about 3<50». Other embodiments of cam systems 42 may be configured to fiiHy engage a 
transverse connector 30 to an elongated member 28 when the cam system is rotated to some desiredlalue between 
about 10° and about 360°. 

Figure 1 1 shows a bottom view of an embodiment of a transverse connector 30. One engager 68 is shown 
fully engaged against an elongated member 28. Another engager 68 is shown in an initial or unengaged position. 
Tfce engagers 68 of die transverse comvsctor 30 shown in the embodiment of Figure 1 1 become fully engaged 
against an elongated member 28 when the cam systems 42 are rotated about 170°. 

• To form a fixed length transverse comiector 30\ flie body 38 of tt^ transverse con^ 
form elongated member openings 40. cam system openings 60 for cam systems 42. and cam guides 64. Indentions 
44 may be formed in the body 38 to aUow the transverse comiector 30' to be bent Cam systems 42 are also 
machined. The elongated member opening surfaces 50 and/or the conUct surfaces of the engager 68 may be ' 
textured so that the coefficient of fiicdon between the surfiu^ and elongated members 28 pUced against the 
surfices will be high. TTie cam systems 42 may be inserted into the cam system openings 60 until the upper 
surfeces of the protrusions 76 pass the shoulders 62 of the cam system openings. When the cam systems 42 are 
Inserted into the cam system openmgs 60, Ae transverse connector 30' is formed. 

To establish a bone stabilization system 32, a pair (rfelongaied members 28 may be coupled to die bone or 
bones 34 being stabiBxed. The elongated members 28 may be coupled to the bone or bones 34 by fixation elements 
36 (shown in Figure 3). A transverse comiector 30' may be phu:ed over the elongated members 28 so that the 
elongated members are positioned wittiin elongated member openings 40 of the transverse connector 30 at a desired 
location. If necessary or desired, die transverse comiector 30' may be bent with benders 52. 54 so that surfaces 50 
of the elongated member openings 40 contact large areas of the elongated members 28. A tortjue limiting wrench 
94 may be placed on die transverse comiector 30. and a shaft 92 of a drive tool 86 may be inserted through the 
hoUow shaft 96 of the torque limiting wrench. A head 88 of a drive tool 86 may be inserted into a tool opening 74 
Of a first cam system 42 of the transverse comiector 30'. Tie drive tool 86 may be rotated to rotate the cam system 



- presses an elongated member 28 against the snrfiu* 50 of the elongated me^ 
«un surface 70 of die cam system 42. The drive tool 86 may be removed fiom the tool opening 74 of the first cam 
system 42. The drive tool 86 and the torque limiting wrench 94 may be repositioned so that the drive tool head 88 
is inserted into the tool opening 74 of d«t second cam system 42. The drive tool 86 may be rotated to force an 
engager 68 against the second elongued member 28 so that the engager presses the second elongated member 
against the second elongated member opening surface 50. < Odier transverse com«cto,s 30 may be attached to the 
etongated membm. 28 at odier locations along die lengths of the dongatei m^^ 
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Figure 17 shows an exploded view of an embodiment of an adjustable transverse connector 3(y\ The 
adjustable transverse connector 30" may include first section 46, second section 48» optional lining 104, fastener 
106, elongated member openings 40 and cam systems 42. The optional lining 104 may be, but is not limited to» a 
bushing or a sleeve. The fastener 106 may fix the position of the first section 46 relative to the second section 48. 
The cam systems 42 may securely fasten an elongated member 28 to a section 46 or 48 of the transverse connector 
30". In alternate embodiments, an elongated member 28 may be fastened to a transverse connector 30" by 
coimectihg mechanisms other than cam systems 42. The other types of connecting mechanisms may include, but 
arc not limited to. setscrcws, and connector and nut arrangements. Combinations of different types of connecting 
mechanisms may also be used to couple a transverse connector 30" to an elongated member 28. 

A first section 46 of .an adjustable transverse connector 30** may include shaft 108. The shaft 108 may 
include flat surfoce 1 10. The shaft 108 may be inserted tfarou^ a lining 104 positioned within holder 112 of a 
second section 48. The lining 104 may include circular bore 1 14. The bore 1 14 may have a diameter that is slightly 
larger than diameter D (shown in Figure 22) of the shaft 108. End 116 of the shaft 108 may include countersunk 
opening .1 18 (as shown in Figure 20) that allows the end to be peened after insertion through the holder 1 12 and 
lining lg4. Peening the end 1 16 may inhibit removal of the lining 104 from the holder 1 12, and the first section 46 
from the second section 48. A separation distance between centers of elongated member openings 40 of the 
transverse connector 30" may be adjusted by moving elongated member opening of the first section 46 towards or 
away from an elongated member opening of the second section 48. 

Several different transverse connectors 30*' may be formed with varying adjustmem ranges. An 
adjustment range of a transverse connector 30" is the range through which a separation distance between centers of 
elongated member openings 40 may be adjusted. For example embodiments of transverse connectors 30** may be 
formed that have the fi>llowing overlapping adjustment ranges. 



Transverse connector size 


Adjustment range (mm) 


1 


37-44 


7 


43-51 


3. 


50-65 


4 


61-80 



Other transverse connectors 30** may be made that have different adjustment ranges. 

A holder 112 of a second section 48 of an adjustable transverse connector 30'* may include first opening 
120 and second opening 122. The first opening 120 allows a lining 104 to be inserted into the holder 112 so that a 
bore 114 of die lining aligns with the second opening 122. In an embodiment, the first opening 120 may be a blind 
hole that does not extend completely through the holder 1 12. The second opening 122 allows a first section shaft 
108 to be placed through the holder 1 12 and the lining 104. Placing a shaft 108 of the first section 46 through the 
holder 112 and the lining 104 inhibits removal of die lining from die holder. 

A fastener 106 may be used to apply force to a lining 104 to inhibit movement of a first section 46 of an 
adjustable transverse connector 30" relative to a second section 48 of the transverse connector. In an embodiment, 
. the fastener 106 is a setscrew that mates to direading 124 in an upper section of the holder 112. Tightening the 
setscrcw 106 forces an end of the setscrew against a lining404 to force a first section shaft 108 against the holder 
1 12. The resulting forces between the setscrew 106, die lining 104. die shaft 108 and die holder 112 inhibit motion 
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" ' ' o'U» first section 46 relative to the second section 48. Other types of fasteneis 106 may be used. For example, in 

an embodiment, the fastener 106 may be a cam mechanism that forces the lining 104 against the shaft 108 when the 
cam is engaged. In an alternate embodiment, the foslener 106 may be a nut diat threads to a shaft extending from 
the lining 104. A counter torque may be applied to the transveise connector 30" by a toniue limiting wnneh 94 to 
inhibit movanent of the transverse connector, stabilization system 32. or patient when tt« fastcccr 106 is tightened 
The fastener 106 may include tool opening 74. Drive head 88 of drive tool 86 may be inserted info the tool 
opening 74. The drive tool 86 may be rotated to rotate the fastener 106. Rotating the fastener 106 in a clockwise 
dirwtion may press end 126 of the fastener against a top of the lining 104. The end 126 of Hie &stener 106 may 
havi a large surface area to provide a large contact area with the lining 104. The contact of the fastener 106 against 
"the Uning 104 may piess a shaft 108 against a holder 112 so that the axial, angular, and roudonal nwtion of a first 
section 46 of a transverse connector 30" rclaUve to a second section 48 of the transverse connector is inhibited. Tbt 
drive tool 86 may be. but is not limited to. a dUmond drive, a hex wrench, a star drive, a screwdriver, or a soclce. 
wench. Preferably, the drive tool 86 for ftstcncr 106 is the same instrument that may be used to rotate cam 
systems 42 that couple the transverse comiector 30 to elongated membeis 28. In alternate embodiments, wol 



• • i 'J. 



-—It, 



<^t. Yt^ v-i^^-T^**."^ '^'"^ ^ ^"^^^ " *»P«^°8 « ^« For example, the 

. hJ. .. .0 -T- systems 42 may «xept a diamond drive. wWle the tool openmg 74 for the fastener 106 

may be adapted to accept a drive head of a hex wrench. 

''^^ °f a tooJ M that n^^^ 

transverse connector 30". TTie handle 90 of the drive tool 86 may inchide an opening 128. TTtt opening 128 may 
be configured to accept drive 130 of torque wrench 132. Figure 1 8 shows an embodiment of a torque wrench 132. 
The torque wrench 132 may be used to inform a user when sufficient torque has been applied to die listener 106. A 
sufficient amount of torque is enough torque to inhibit movement of a first section 46 of toe transverse connector 
30" relative to the second section 48 of the transverse connector. 

' ^ "^"^^ transverse connector embodiments, an opUonal lining 104 may not be used. A &stener 106 

. .f^yi«^~ay contact a shaft 108 of a first section 46 of a transverse com^ 

■■^Jf, , ^ °f ^ connector. The contact between the fastener 106. the shaft 108. 

ijd the holder 112 may inhibit moveriient of the first section 46 rdative to the second section 48. 

A second opening 122 in a holder 1 12 may allow a &st section 46 to be angulated rehitive to a second 

section 48. Figure Wshowsatop view of an embodiment of a transverse connector 3(y where th^firet section 46 
is angulated relative to the second section 48. Elongated members 28 of an orthopedic stabilization system 32 may 
be horizontally skewed relative to each other. The abUity to angulate the first section 46 reUtfve to tiie second 
section 48 allows the transverse com>ector 30" to be coupled to elongated members 28 that are horizontaHy skewed. 
lnAi»dimenJsof,iabilizationsys»ems3^theetongatedme,,i^ To accommodate 

horizontally parallel elongated members 28. the first section 46 may be adjusted relative to ti» second section48 so 
tiiere is no angulation between die first section and the secMid section. 

To allow a first section 46 of a transverse com«ctor 3ff- to be angulated rektive to a second section 48 of 
tf« transverse comiector. width W (as shown in Figure 22) of a second opening 122 in a holder 112 of the second 

section may be larger Uian a diameter D of a shaft 108 passing fluongh tiie holder. THe tege widtfi W of tiie second 
tr " '^'^ allows the shafllOS to slide laterally within the second opening 122 until the fastener 106 is used to set 
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V t " In an embodiment of a transverse connecter 30^ an angulation range of a f^^^ 

second section 48 may be from about 0** to about 18*. The amount of angulation may be less or greater than about 
1 8** in other emboditnents. For example, in an embodiment, the angulation range of the first section 46 relative to 
the second section 48 is from about 0" to 10'; and in another embodiment, the angulation range is from about 0° to 
30<». Larger or smaller ranges may also be used. A position of a second opening 122 may be altered to change the 
limits of die angulation. For example, in an embodiment, the second opening 122 is positioned so that the 
, . . angulation range is from 10* to 30"*, Odier embodiments may allow for different amounts of angulation or for 

I / . ;v T . r.' different angulation ranges. If the transverse connector 30". cannot be angulatcd in a desired direction when a first 

section 46 is placed on a first elongated member 28. the first section may be removed from the elongated member 
and placed on a second elongated member to allow the transverse connector to be angulated in the desired direction. 
, . . . , A second opening 122 in a holder 1 12 may allow a first section 46 of a transverse connector 30" to be 

rotated relative to a second section 48 of the transverse connector. Elongated members 28 of an orthopedic 
stabilization system 32 may be vertically parallel, or the elongated members may be vertically skewed relative to 
each other. If the elongated members 28 are vertically skewed relative to each other, the amount of skew is 
. . . typicaUy less than about 5", but the skew may be as large as 20* or more. The ability to rotate the first section 46 of 

the transverse connector 30" allows the fransverse connector to be coupled to vertically skewed elongated members 

To allow a first section 46 of a transverse connector 30" to .be rotated relative to a second section 48 of the 
transveree connector, a shaft 108 of the first section is allowed to rotate within a lining 104. In an embodiment, 
height H of a second opening 122 in the second section 48 is sUghUy larger tiian a diameter D of the shaft 108, The 
height H of the second opening 122 allows the shaft 108 to be rotated a fiiU 360* relative to the second section 48. 
In an alternate embodiment, which is shown in Figure 22. the height H of the second opening 122 is smaller than 
die diameter D of the shaft 108 of the first section 46. A flat surface 1 10 of the shaft 108 may limit the range of 
rotation of the first section 46 relative to'the second section 48 to a useful range. If a user tries to rotate the first- 
section 46 beyond a limited range, an edge of the flat surface 1 10 will contact the holder 112 and inhibit rotation of 

m 

the first section 46 relative to the second section 48. The flat surface 1 10 of die shaft 108 and the second opening 
122 may allow the first section 46 to route relative to tiie second section 48 about plus or minus 45,** (for less than 
about a 90* range of motion), preferably less than about plus or minus 20* (for less than about a 40* range of 
motion), and most preferably less tiian about plus or minus 10* (for less than about a 20* range of motion). Figure 
21 shows an embodiment of a transverse connector 30" with a first section 46 that is rotated relative to a second 
section 48. 

Limiting die range of rotational motion of the first section 46 relative to the second section 48 may inhibit 
die rotation of the first section mto unusable positions. Unusable positions of die first section 46 relative to die 
second section 48 are positions diat do not allow for easy instrument access to tool openings 74 of the transverse 
. connector 30". For example, an embodiment of a transverse connector 30" may allow die first section 46 to rotate 
360' relative to die second section 48. When. the first section 46 is rotated 180* relative to die second section 48. 
die elongated member opening 40 of one of the sections will be oriented upwards, while the elongated menober 
opening of die other section will be oriented downwards. The tool opening 74 of a cam system 42 Uiat fastens die 
section with the upwards facing elongated member opening 40 to an elongated member 28 will not be easily 
. < , accessible, and dierefore, the transverse connector 30 is in an unusable position. Limiting die range of rotational 

^ ■ 
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- -lb ti- u r . . t . ^^^^ g^^.^^ ^^^^^ ^ ^j^^^ instrument access to all parts of 

the transverse connector 30 that need to !>€ tightened wthout 

Elongated member openings 40 of a transverse connector 30 may be placed over elongated members 28 of 
• an otfaopedic stabilization system 32. Cam systems 42 may be used to fasten the transverse connector 30 to the 
elongated members 28. A cam system 42 may be positioned within a cam system opening 60 in each section 46, 48 
• ' of the transverse connector 30. Hgure 20 shows a cross sectional view of an embodiment of a transverse connector 
30". The sections 46. 48 of the transverse connector 30" may include cam system openings 60 for cam systems 42 
(oily one cam system is shown in Figure 20). The cam systems 42 and cam system openings 60 for an adjustable 
1 1\ ' transverse comiector 30** may be die same as the cam systems and cam system openings for a fixed length 

^ ' ^ transverse connector 30\ Figure 13 shows an embodiment of a cam system 42. 

Figure 23 shows an embodiment of a head 56 of a bend» 52. The head 56 may include two pockets 134 
and 136. The first pocket 134 may be used to bend a fixed length transverse connector 30'. The second pocket 136 
may be used to bend an adjustable transverse connector 30". Figure 24 shows an adjustable transverse connector 
30" positioned within benders 52. 54. The benders 52. 54 may be used to "tent" the transverse connector 30" so 
that a middle portion of the transverse connector is the highest portion of die transverse connector when the 
" transverse connector is instaUed in a patient 



i f if 



Hi- 



•i'. 



• Cam sysoans 42 are also machined. The elongated laanber opening anfic« 

engagers 68 may be textured so that the coefficient of Kcdon between the surfaces and elongated members 28 
placed against the surfaces will be high. Cam syst»ns 42 are inserted into cam system openings 60 of the first 
section 46 and the second section 48. The cam systems 42 are inserted into the cam system openings 60 until the 
surfaces 82 of the cam systems pass the shoulders 62 of the openings. A lining 104 is placed within a holder 1 12 of 
ihe second section 48. A shaft 108 of the first section 46 is insetted through the holda 112 and lining 104. End 

116 of the shaft 108 is peened or flared to inhibit removal of flie first section 46 fitMn die second section 48. A' 

• &stBiier 106 is coupled to the holder 112. 

Rgure 7 shows an alternate eiid)odiment of an adjustable transverse connector 30". The Iransveise 

• comiector 30" may include first section 46. second section 48. and fastener 106. Figure 25 shows a cross sectional 
view of a portion of the transverse connector 30". Thefirstsecdon46may include shaft 138. The shaft 138 may 
include flared end 140. The second section 48 may include tapered collet 142 and hoUow shaft 144. Tlie fastener 
106 may be a collar that is compression locked to the coDet 142. The collet 142 may include holding membere 146. 
ledge 148. longitudinal slots 150 and shoulder 152. The collar 106 may include a tapm^ bore 154 and tabs 156. 
Thetaperofthe bore 154 maysubstantiaUy correspond to the taper oftheUp«edcolletl42. A maximum diameter 
of the collet 142 may be greater than a maximum diameter of die bore 154 of the coUar 106. TTie tabs 156 'may be 
P««*«J within dii longitudinal slots 150 in the collet 142 to couple die collar 106 ID The tabs 

• ' 156andthediameteroftheborel54relativetothediameterofthecoUetl42maylimittheaxialrange 

• •• the collar 106 relative to the second section 48. The shaft 138 ofthe first section 46 may be inserted into die hollow 
-shaft 144 of the second section 48. The flaredend 140oflheshaft 138 may contactthe ledge 148ofdiecollet 142 

to inhibit the first section 46 from being separated fiom the second section 48. 

A lengUi of an adjustable transverse conneclor 30" shown ia Figure 7 may be adjusted by sliding a first 
siction 46 axiallyrehitive to a second section 48. Also. th« first section 46 may be rotated relative to the second 
. ^ section 48. The ability to rotate die first section 46 relative to the second sectbn 48 allows die transverse comiector 

19 . J 
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30** to be used with elongated members 28 that are skewed relative to each other such that the elongated members 
arc not vertically parallel. When a desired length and rotation of the transverse conneaor 3(y is established, the 
position of the first and second sections 46, 48 may be fixed to inhibit movement of the first section relative to the 
second section. 

A portion of the shaft 138 may include a flat surface. An insert positioned and fixed within the hollow 
shaft 144 may limit the range of rotational motion of the first section 46 within the second section 48. An edge of 
the fiat surface of the shaft 138 may contact an edge of the insert to limit the rotational range of the first section 46. 
\^tbout an insert, the shaft may be able to rotate 360** within the hollow shaft An insert within the hollow shaft 
144 may allow the first section 46 to rotate relative to the second section 48 about plus or minus 45*', preferably less 
than about plus or minus 20", and most preferably less than about plus or minus 10*. 

Figure 26 shows an embodiment of a locking instrument 158 that may be used to fix a position of a first 
section 46 of a transverse connector 30" relative to a second section 48. The locking instrument 158 may include 
first jaw 160, second jaw 162, first handle 164, and second handle 166. The first jaw 160 may be abutted against a 
.shoulder 152 of a collet 142. The second jaw 162 may be abutted against front end 168 of the collar 106. 
Squeezing the handles 164, 166 together forces the collar 106 onto the collet 142 and compresses the holding 
% : members 146 of the collet against the shaft 138 of the first section 46. Enough force may be applied to the collar 
{yl06 to fiictionally lock die collar to the collet 142. ' 

An outer smfacc of the shaft 1 38 and/or an inner surface of ihe holding members 146 may be roughened to 
increase the coefficient of friction between the first section 46 and the second section 48. Also, the inner surface of 
the collar 106 and/or the outer surface of the collet 142 may be roughened to increase the coefficient of friction 
between the collar and the coUeL 

To establish a bone stabilization system 32 using an adjustable transverse comiector 30", a pair of 
contoured elongated members 28, or a single elongated member that is bent and contoured to fit on adjacent sides of 
a bone 34 or bones that are to be stabilized, may be coupled to the bone or bones being stabilized. The elongated 
members 28 may t)e coiqiled to the bone 34 or bones by fixation elements 36, as shown in Figure 3. If necessary or 
desired, the transverse connector 30" may be bent using a pair of benders 52, 54 so that a middle portion of the 
transverse coimector will be the highest part of the transverse coimector when the transverse connector is installed 
in a patient. A first section 46 and a second section 48 of the transverse connector 30" may be placed over the 
elongated members 28 so that the elongated members are positioned within elongated member openings 40 of the 
transverse connector 30 at a desired location. The length, angulation, and rotation of the transverse connector 30" 
may be adjusted so that the elongated members 28 are positioned within the elongated member openings 40 with a 
large contact area between the elongated member opening surfaces 50 and the elongated members. A torque 
limiting wrench 94 may be placed on the transverse connector 30, and a shaft 92 of a drive tool 86 may be inserted 
through the hollow shaft 96 of the torque limidng wrench. A head 88 of a drive tool 86 may be inserted into a tool 
opening 74 of a first cam system 42 of the transverse connector 30. The drive tool 86 may be rotated to rotate the 
cam system 42 while applying counter torque with the torque limiting wrench 94. Rotating the cam system 42 may 
extend a cam 70 into an elongated member opening 40 so that the cam presses the elongated member 28 against the 
surface 50 of the elongated member opening. The drive tool 86 may be removed from the tool opening 74 of the 
first cam system 42.* 

The drive tool 86 and torque limiting wrench 94 qpay be repositioned so ttiat the torque limiting wrench 

\ 

engages the transverse connector 30 and the head 88 of the drive tool 86 is inserted inU^the tool opening 74 of the 

20 .. * 
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» second cam system 42. Thedrivctool86inay be rotated, while applyi^ 
' ' wrench 94. to fixcc a cam 70 against the second elongated member 28 so that die cam presses the second elongated 
member against the second elongated member opening surface 50. 

The torque limiting wrench 94 and the drive tool 86 may be rcposiUoned so that the torque limiting wrench 
engages the transverse connector 30 and the head 88 of die drive tool is inserted into the tool opening 74 of the 
festencr 106. The fastener 106 may be tightened. A torque wrench 132 may be inserted into the opening 128 of the 
• ^ handle 90. The torque wrench 132 may be used to tighten the fastener 106 while counter torque is appUcd widi the 
i ^.torque limiting wrench Other transverse connectors 30 may be attached to the elongated members 28 at other 

locations along the lengths of the elongated membeis. > . • 
. r,( - i f- Birther modifications aiHlalteraarivcein^^ 
' ■ 't«<>«d^«din«teartinviBwofthi»descrip^ 

■oriyaiui is for the purpose of uaching those sIdllediQ the m the gcnff^ 
to be undewtood that the fMns of the invention shown and de^ 

- and projesses n»y be revened. and <»tai^ 
vytt«;:» ^. •*''*»%P'«°itoO'««kai«dintbeartatehav^^ Change, may be made 

hi the elements described herein witfom dialling torn the spirit «^ 

■■• fiiUowing claims. -i i •. / lUi - • ' * 



.t . ' * -i t ' ^ 



wo 02/30307 



PCT/USOl/31016 



What is claimed is: 

1 . A connector for an elongated member, comprising: 
a body; 

an opening in the body configured to hold the elongated member; 
an engager; and 

a cam system configured to extend the engager into the opening to couple the body to the elongated 

member. 

2. The connector of claim 1 , wherein the engager comprises a surface of the cam systeoL 

3. The connector of claim 1 , wherein the engager further comprises a surfiace that contacts the elongated 
member, and wherein a portion of the surface is textured to increase a coefficient of friction between the surface 
and the elongated member. 

« 4. The connector of claim 1, wherein a portion of a surfoce defining the opening is textured to increase a 
coefficient of friction between the surface and the elongated member. 

5. The connector of claim 1, wherein a i}ortion of the cam system is angulated within the body substantially 
perpendicular to a longitudinal axis of the body. 

6. The connector of claim 1, wherein a portion of the cam system is angulated within the body at an angle 
greater than about 45° relative to a longitudinal axis of the body. * * ' 

7. The connector of claim 1 , wherein a portion of the cam system is angulated within the body at an angle 

• 

greater than about 60° relative to a longitudinal axis of the body. 

i . - 

8. The connector of claim 1, wherein the engager extends into the opetiing when the cam system is rotated, 

* 

and wherein a rotation range of the cam system is limited. : 

9. The connector of claim 8, wherein the rotation range of the cam system is limited to less than about 360°. 

10. The connector of claim 8, wherein the rotation range of the cam system is limited to less than about 180°. 

11. The connector of claim 8* wherein the rotation range of the cam system is limited to less than about 90°. 

C i • 4 * ■ . ■ i 

. * - # * , < 

12. The connector of claim 1, further comprising a vibrational indicator that informs a user that the cam 
system is engaged. 

13. The connector of claim 1, further comprising a visual indicator that informs a user that the cam system is 

■ 

engaged. 



V^^"^^^' PCT/USOIW 

14. The connector of claim 13, ftirther comprising a drive tool that ac^vates the cam system, and wherein the 
visual indicator is a position of a handle of a drive tool relative to a position of the elongated member. 

15. The connector of claim I, further comprising a second opening in the body configured to hold a second 
elongated member. 

16. * The connector of claim 15. wherein the body is substantially unbcndable. 

17. The connector of claim 15, wherein the body is bendable to allow adjustment of the opening relative to the 

> vs i- • . . . 
second openmg. 

1 8. The connector of claim 15, wherein the cam system is positioned between the caning and the second 
opening. 



a 



19. . , The connector of claim 15, wherein the body comprises a first section configured to move relative to 
second section, and further comprising a fi&stener configured to inhibit movement of the first section relative to the 
sebbnd secti^ 



20. The connedor of claim 1, wherein the connector is a transverse connector of a bone stabilization system. 

21. The connector of claim 1. wherein the connector is a transverse connector of a spinal stabilization system. 

22. The connector of claim 1, wherein the body comprises a first section and a second section, wherein a 
position of the first section is adjustable relative to the second section, and further comprising a fastening systeii 

; configured to fix the position of the first section relative to die second section during use. 



23. An engaging mechanism for couplmg a connector to an elongated member, comprising: 

a cam system in flie connector, the cam system configured to extend an engager into an opening during use 
to couple the connector to the elongated member. 

24. The engaging mechanism of claim 23, wherein removal of a cam system fix>m the connector is inhibited. 

25. ^ ' TheOTgagingmechanismofdaim23. wherein the ^e^ . 

26. The engagiiig'mechanism of claim 23^, wherein a contact surface of the engager that couples die connector 
CO the elongated member comprises a textured surface. 



27. The engaging mechanism of claim 23, wherein a portion of a surface of the opening that contacts tiie 
elongated member is t^nired. 
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28. , The engaging mechanism of claim 23, wherein the cam system is configured to couple the connector to the 
elongated member when the cam system is rotated. 



29. The engaging mechanism of claim 23. wherein the cam system is configured to couple the transverse 
connector to the elongated member when the cam system is rotated, and wherein a rotation range of the cam system 
is limited. 

. .' - ' y V f '^-^ 33^' ad.:i\d/ri : engaging mechanism of claim 29, wherein the rotation range of the cam system is limited to. less than 

about 360^ 



'i * . r'-' ' 



, 31. The engaging mechanism of claim 29, wherein the rotation range of the cam system is limited to less than 
about 180°. 



32. The engaging mechamsm of claim 29, u^ierein the rotation range of the cam system is limited to less than 
, about 90°. 



33. The engaging mechanism of claim 23. wherein the cam system is angulated within the connector 

•'•tv;*:.- substantially perpendicular to a longitudinal axis of the connector. 



34. The engaging mechanism of claim 23, wherein the cam system is angulated within the connector at an 
angle greater than about 45' relative to a longitudinal axis of the connector and less than perpendicular to the 
longitudinal axis. 



35. The engaging mechanism of claim 23, wherein the cam system is angulated within the connector at an 
angle greater than about 60° relative to a longitudinal axis of the connector and less than perpendicular to the 
longitudinal axis. 



36. The engaging mechanism of claim 23, wherein the opening includes an open side that allows the connector 
to be top loaded onto the elongated member. 

37. The engaging mechanism of claim 23, wherein a drive tool is used to rotate the cam system. 

... ^ 

38. The engaging mechanism of claim 37, wherein a position of the drive tool relative to the elongated' 

member indicates if the cormector has been coupled to the elongated member. 

39. The engaging mechanism of claim 37, wherein a handle of die drive tool has an elongated portion that is 
substantially aligned with the elongated member when the connector is coi^Ied to the elongated member. 



40. The engaging mechanism of claim 23, further comprising an indicator configured to vibrate when the cam 
system is rotated. 



24 ; ' 
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41/ < The engaging mechanism of claim 40, wherein the indicator comprises a pin that contacts a portion of die 
cam system. 

42. A transverse connector, comprising: 
a body; 

an opening in the body configured to accept an elongated member; 
a cam system in commnnication with the opening; and 

' an engager configured to extend into the opening to couple the elong^ 
cam system is activated. 

43. The transverse connector of claim 42. wherein the engager is a surface of the cam system. 

44. The transverse connector of claim 42. wherein a surface of the body defining the opening is textured. 

45. ... The transverse connector of claim 42, wherein the body includes an indentation that allows the body to be 
bent 



46. The transverse connector of claim 42, wherein removal of .the cam system fiom die body is inhibited. 

47. The transverse connector of claim 42, wherein a contact surface of die engager that couples the body to the 
elongated member comprises a textured surface. 

48. The transverse connector of claim 42, wherein the cam system is configured to couple the body to the 
elongated member when the cam system is rotated. ^ 



49. The transverse connector of claim 42, wherein the cam system is configured to couple the body to the 
elongated member when the cam system is rotated, and wherein a rotadon range of the cam system-is limited. 

50. The uransverse connector of claim 49, wherein die rotation range of die cam system is liiited to less dian 
about 360^. 



51. The transverse connector of claim 49, wherein die rotation range of die cam system is limited to less dian 
' about 180*. - . ' \ 



52, The transverse connector of claim 49, wherem die rotation range of die cam system is limited to less dian 
* i[bout90**. ' ' * M :f. ■ 

' * - ■ - •• . . 

53. The transverse connector of claim 42. wherein die cam system is angulated widiin die body substantiafly 
perpendicular to a longitudmal axis of the body. ' 
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54. The transverse connector of claim 42. wherein the cam system is angulated within the body at an angle 
greater than about 45° relative to a longitudinal axis of the body and less than perpendicular to the longitudinal axis. 



55. The transverse connector of claim 42, wherein the cam system is angulated within the body at an angle 
greater tfian about 60** relative to a longitudinal axis of the body and less than perpendicular to the longitudinal axis. 



56. The transverse connector of claim 42, wherein the opening includes an open side that allows the transverse 

Ml 

coimector to be top loaded onto die elongated member. 



57. The transverse connector of claim 42, wherein a drive tool is used to rotate the cam system. 



58. The transverse connector of claim 57, wherein a position of the drive tool relative to the elongated member 
indicates if the body has been coupled to the elongated member. 



59. The transverse connector of claim 57. wherein a handle of the drive tool has an elongated portion that is 
substantially aligned with the elongated men^r when the transverse connector is coupled to the elongated member. 



60. The transverse connector of claim 42, further comprising a second opening in the body configured to 
coiqile to a second elongated member. 



61. The transverse connector of claim 60, wherein the body is substantially unbendable. 



62. The transverse connector of claim 60, wherein the body is bendable to allow adjustment of the opening 

. relative to the second opening. 

. 1 . 



63. The transverse coimector of claim 60, wherein the cam system is positioned between the opening and the 
second opening. 



64. The transverse connector of claim 42, wherein the body comprises a first section configured to move 
relative to a second section, and further comprising a fastener configured to inhibit movement of the first section 
relative to the second section. 



65. The transverse connector of claim 64, wherein the first section comprises a collet, and wherein the iastener 
coinprises a collar that is. configured to compress the collet 



66. The transverse connector of claim 65, wherein the collar is coupled to the collet to limit a distance that the 
collar can be moved away from the collet 



67. The transverse connector of claim 64, wherein the first section and the second section are configured to be 
angulated relative to each other within a limited range of angulation that is less than about 60"*, and wherein the 
fikstcner inhibits change in angulation during use. 



26 , 



wo 02/30307 



PCT/USOl/31016 



68. ' '"wtnwsverse connector ofcIaimW, further compm^^^ 
section and a portion of the second section. 

69. The transverse connector of claim 64. wherein the first section comprises a fastening system configured to 
couple the first section to the elongated member. 

70. The transverse connector of claim 69. wherein the fastening system comprises an opening in the first 
section configured to accept the elongated member and a selscrew. 



71. The transverse conaecto of claim 64. wherein the second section comprises a ftstening system configured 
to couple the second section to a second elongated member. 

12. The transverse connector of claim 64. wherein the first section and the second section are configured to 
rotate relative to each other. 

73. TTic transverse connector of clahn 64. v/htim the first section and the second section are configured to 
rotate relative to each other within a limited range of rotational motion les^than about 360". 



74. 



The transverse connector of claim 64. wherein the fastener comprises a first position and a second positioa 



75. TTie transverse connector of claim 74. wherein the fastener in the first position inhibits movement of the 
first section and the second section relative to each other. 

76. The transverse connector of claim 74. wherein the festener in the second position aUows rotation of a ' 
portion of the first section and a portion of the second section relative to each oUier. 

77. The transverse comiector of claim 76. wherein a range of rotation of the portion of the first section and the 
portion of the second section relative to each other is less than about 360°. 

■ 

« * 

78. The transverse connector of claim 74. wherein the fastener in the second position aUows for angulation of 
a portion of the first section and a portion of flie second section relative to each other. 



79.- 



The transverse comiector of claim 78, wherein a range of angulation of the portion of the first section and. 
the portion of the second section relative to each other is less than about 60*». 



80. The transversa connector of claim 42. wherein the n^sverse connector is a transverse connector of a bone 
stabilization system. 



81. The transverse connector of claim 42, wherein tiic transverse connector is a transverse connector of a 
spinal stabilization systenL « 
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82. The transverse connector of claim 42. wherein the body comprises a first section and a second section, 
wherein a position of the first section is adjusUble relative to the second section, and further comprising a tasiening 
system configured to fix the position of the firel section relative to the second section during use. 

83. The transverse connector of claim 82, wherein the fastening system comprises a collet and a collar, and 
wherein the collar is compressed onto the collet to fix the position of the first section relative to the second section. 

» 

84. The transverse connector of claim 83, wherein the collar is coupled to the collet to limit a distance that the 
collar can be moved away from the collet 

85. The transverse connector of claim 82, wbeiein the fastening system comprises a setscrew. 

86. A connector, comprising: 
a body; 

a first opening in the body; 

a second opening in the body; and 

a cam system in communication with the first opening, wherein the cam system is configured to extend an 
engager into the first opening. 

87. The connector of claim 86, wherein die cam system is positioned within the body between the first opening 
and the second opening. 

88. The connector of claim 87, wherein a distance between a center of an elongated member positioned in the 
first opening and a center of an elongated member positioned in the second opening is greater than about 15 
tnilikneters. 

89. The connector of claim 87, wherein a distance between a center of an elongated member positioned in the 
first opening and a center of an elongated member positioned in the second opening is less than about 45 
millimeters. 

90. The connector of claim 86, wherein the cam system is positioned within the body so that the cam system is 
not located between the first opening and the second opening. 

t 

91. The connector of claim 90, wherem a distance between a center of an elongated nsember positioned in the 
first opening and a center of an elongated member positioned in .the second opening is greater than about 5 
millimeters. 

92. The connector of claim 90, wherein a distance between a center of an elongated member positioned in the 
first opening and a center of an elongated member positioned in the second opening is less than about 30 
millimeters. . « 
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93. ' The connector of claim 86, wherein a longitudinal axis of the cam system is located substantially 
perpendicular to a longitudinal axis of the body. 

94. The connector of claim 86, wherein a longitudinal axis of the cam system is angulated within the body at a 
non-perpendicular angle relative to a longitudinal axis of the body. 

95. The connector of claim 94, wherein the longitudinal axis of the cam system is angled at an angle between 
abdiit 40" and about 9(y with respect to Ac longitudinal axis of the body. 

96. The connector of claim 94, wherem the longitudinal axis of the cam system is angled at an angle between 
about 60° and about 90** with respect to die longitudinal axis of die body. 

97. The connector of claim 86. wherein the engager extends into the first opening when the cam system is 
rotated, and wherein a rotation range of the cam system is limited. 



98. The connector ot claim 97, whoein the iotation range of the cam system is limited to less than about 360*. 

99. The connector of claim 97, wherein the rotation range of the cam system is limited to less than about 180*. 

100. The connector of claim 97, wherein the rotation range of the cam system is limited to less dian about 90*. 

101 . The connector of claim 86. further comprising a vibrational indicator that informs a user that the cam 
system is engaged. 



. 102. The connector of claim 86, further comprising a visual indicator that informs a user that the cam system is 
engaged. 

103. The connector of claim 102, wherein a drive tool activates the cam system, and wherein the visual 
indicator is a position of a handle of die drive tool relative to a position of Ae elongated member. - ' 

104. The connector of claim 86. v^erdn die body comprises a first section configured to move relative to a 
second section, and further comprising a fastener configured to inhibit movement of the first section relative to the 
second section. 



1051 ' ' " The connector of claim 104, wherdn the'first section conq^rises a collet, and wherein the fastener 
comprises a collar that is configured to compress the coUeL 



106. The connector of claim 105, wherein the collar is coupled to the collet to limit a distance diat die collar can 
be moved away from the collet * ^ 



WU02/JUJ07 )fCI/o:»0]/3]0]6 

107. The connector of claim 104, wherein the first section and the second saction are configured to be angulated 
relative to each other within & limited range of angulation that is less dian about 60^ and wherein the fosterier 
inhibits change in angulation during use. 

108. . The connector of claim 104, further comprising a lining positioned between a portion of the first section 
and a portion of the second section. 

109. The connector of claim 104. wherein the first section comprises a fastening system configured to couple 
the firet section to a first elongated member. ; 

■ 

1 10. The connector of claim 109, wherein the fastening system comprises an opening in the first section 
configured to accept the first elongated member and a setscrew. 

111. The connector of claim 104, wherein the second section comprises a feistening system configured to couple 
the second section to a second elongated member. 

1 12. . The connector of claim 104, wherein the first section and the second section are configured to rotate 

^ -* ■ 

relative to each other. 

1 13. The connector of claim 104, wherein the first section and the second section are configured to rotate 
relative to each other within a limited range of rotational motion less than about 360°. 

1 14. The connector of claim 104, wherein the fastener comprises a first position and a second position. 

n 

ml •■ 

115. The connector of claim 1 14, wherein the fastener in Uie first position inhibits movement of the first section 
and the second section relative to each other. 

4 ' 

116. The connector of claim 1 14, wherein the fastener in the second posidon allows rotation of a portion of the 
first section and a portion of the second section relative to each other. , ' 

117. The connector of claim 116, wherein a range of rotadon of the portion of the first section and the portion of 
the second section relative to each other is less than about 360**. 

118. The coimector of claim 1 14, wherein the fastener in the second position allows for angulation of a portion 
of the first section and a portion of the second section relative to each other. 

119. , The connector of claim 118, wherein a range of angulation of the portion of the first section and the 
portion of the second section relative to each other is less than about 60**. 

120. The connector of claim 86, wherein the connector^s a transverse connector of a bone stabilization system. 

30 . ' • > 



^'"^ 12lV The connector of claim 86, wherein the connector is a transverse connector of a spinal stabilization system. 



122. A bone stabilization system, comprising: 

a first elongated member coupled to bone by a first fixation element; 

a second elongated member positioned adjacent to the first elongated member and coupled to bone by a 
second fixation element; and 

a connector coupled to the first elongated member by a cam system. 



123. The system of claim 122, wherein the connector fiuther comprises an engagement system configured to 
couple the connector to the second elongated member. 

124. The system of claim 123, wherein the engagement system comprises a cam system. 



' 125. The system of claim 122, wherein the connector fiirther comprises an engagement system configured to 

coiq>le the connector to the second fixation elemezit 

%pim ij& y^^:^^ ^126/ tfe^ffim'of cWm 122/wherwn the first donated member and tfie second dongated member arc 

portions of a unitary, bent and contoured member. 

127. The system of claim 122, wherein the connector has a substantially fixed length. 

128. The system of claim 127, wherein the length of the connector may be adjusted by bending the connector. 



129. The system of claim 128, wherein a body of the connector includes an indentation to facilitate bending the 



connector. 



130. The system of claim 122, wherein the connector comprises a first section and a second section, wherein a 
' position of the first section is acy ustable relative to the second section, and wherein a fastening system inhibits 

movement of the first section relative to the second section during use. 

131. The system of claim 130, vdierein the first section comprises a collet, and wherein a fastener of the 
fastening system comprises a collar diat is configured to compress the collet 

■ 

ac ■:;:><: ;i ^ : iv rt^^u^u = 'lo; avM'^lli; 132; ^he sy^m of claim 131. wberem the collar is coupled to Ac coUet to limit a distance feat the coUar can be 

moved away from the collet 



^'i.. ty.' Tbt system of claim 130, wherein the first section and the second section are configured to be angulated 

relative to each other within a limited range of angulation that is less than aboiic 60**, and wherein a fastener of the 



fiistcning system inhibits change in angulation during use. 
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134. The system of claim 130, further comprising a lining positioned between a portion of the first section and a 

portion of the second secdon. 

135. The system of claim 130. wherein the fust section comprises a fastening system configured to couple the 
first section to the first elongated member. 

136. The system of claim 1 35. wherein the fastening system comprises an opening in the first section 
configured to accept the first elongated member and a setscrew. 

137. The system of claim 130. wherein the second section comprises a fastening system configured to couple 

••1 

the second section to the second elongated member. 

138. The system of claim 130. wherein the fust section and the second section are configured to rotate relative 
to each other. 



139. The system of claim 130, wherein the first section and the second section are configured to rotate relative 
to each other within a limited range of rotational motion less than about 360^. 



140. The system of claim 130, wherein the fastening system comprises a fastener, the fastener comprising a first 
position and a second position. 

141. The system of claim 140, wherein the fastener in the first position inhibits movement of the first section 
and the second section relative to each other. 

142. The system of claim 140, wherein the fastener in the second posidon allows rotation of a portion of the 
first section and a portion of the second secdon reladve to each other. 

»♦ 

143 . The system of claim 142, wherein a range of rotation of the portion of the first section and the portion of 
the second section relative to each odier is less than about 360°. , ' 

144. The system of claim 140, wherein the fiistener in the second position allows for angulation of a portion of 
the first section and a portion of the second section reladve to each other. 

i 

145. The system of claim 144, wherein a range of angulation of the portion of the first section and the portion of 

the second section relative to each other is less than about 60**. 
- 

146. The system of claim 130, wherein the fastening system comprises a collet and a collar, and wherein the 
collar is friction locked to the collet to inhibit movement of the first section relative to the second section. 



147. The system of claim 130, wherein the fastening sx^tem comprises a setscrew. 

\ 



14«. A method of fonning a connector, comprising: 

placing a cam system within a cam system opening in a body of die connector, wherein a threaded 
comicction is not formed between the cam system and the body. 

149. The method of claim 148. further comprising inhibiting removal of the cam system from the cam system 
opening. 

- • ♦ * 

150. A connector produced by the method of claim 148. ' 

:* iv fee.- ' * ^uT. 'ftat ^h-; : ' . • • . . 

151. A method of attaching a transverse connector to an elongated member, comprising: 

positioning an opening of the transverse connector at a location along a length of the elongated member; 
engaging a cam system to extend an engager into the opening. 



and 



152. - The method of claim 151, further comprising: 

pMitioning a sa»nd opening of the tr^ 
member, and 

coiq>ling Ae transvene connector to the second elongated.member. 

153. The method of claim 152, wherein the elongated member and the second elongated member are portions of 
a unitary, bent and contoured member. 

154. A connector, comprising: 
a body, ^ 
at least one opening in the body configured to accept an elongated member, and 

at least one cam system configured to couple die elongated member in the at least one opening in the body. 

155. A bone stabilization system, comprising: 
at least one elongated member coupled to bone; and 

at least one connector coupled to die at least one elongated member by a cam zy^^sasL 



156. A bone stabilization method, comprising: 

attaching at least one elongated member to bone; 
pbsidoning an opening of a conEector on the elongated monber, and 
engaging the elongated member within the opening of ttie connector with a cam system. 
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